A new phylogenetic analysis of the Nyssorhynchus subgenus (Danoff-Burg and Conn, unpub. data) 
In the neotropics, species in the subgenus Nyssorhynchus are responsible for many of the estimated 20 million annual cases of malaria (Goriup & Pull 1988) . The original phylogenetic hypothesis for this important subgenus (Faran 1980 , Faran & Linthicum 1981 , Linthicum 1988 was based on morphological characters. The subgeneric treatment of Peyton et al. (1992) placed Nyssorhynchus species in three purportedly monophyletic sections: Albimanus, Argyritarsis and Myzorhynchella. A recent parsimony analysis of eight species from the Albimanus section using partial sequences of the mtDNA genes ND2 and ND6 (Perera 1993) had no nodes in common with those of Faran (1980) . Relationships among species in Nyssorhynchus remained unresolved until the recent analysis of Danoff-Burg and Conn (unpub. data) which forms the basis for the systematic portion of this presentation. A subset of their objectives was: (1) an analysis of members of the Albimanus (15 species) and Argyritarsis (8 species) sections using six data sets (morphology, egg ultrastructure, ITS2 region, and mitochondrial genes COII, ND2 and ND6); (2) an examination of character congruence between these data sets using the arn and Templeton tests (Larson 1994 , Farris et al. 1995 ; and (3) a reevaluation of the earlier classifications of Nyssorhynchus with regard to a new total evidence phylogeny based on parsimony where all available data were equally weighted and included.
Anopheles darlingi has historically been considered the most important malaria vector throughout much of South America (Deane et al. 1946) . Prior to the analysis of Danoff-Burg and Conn (unpub. data) , it was placed in the Argyritarsis section of the Nyssorhynchus subgenus (Linthicum 1988) . It is broadly distributed and has been incriminated as an important regional vector of Plasmodium falciparum, the most dangerous of the malaria parasites (Deane et al. 1946 ), but it is also a competent vector of other malaria species (Klein et al. 1991) . Although the taxonomic status of An. darlingi has recently been reevaluated throughout its range and is now considered a single species by allozyme, RAPD-PCR, ITS2 and morphological analysis (Manguin et al. unpub . data), questions remain concerning populations which differ in biting times (reviewed in Rosa-Freitas et al. 1992) , life history characteristics (Lounibos et al. 1995) and genetic divergence (discussed in the present work). These heterogeneous traits (and others) may influence the vector competence of An. darlingi in different regions in the neotropics. We sequenced two regions (one conserved and one variable) of the mtDNA gene COI from 15 populations of An. darlingi from Belize to São Paulo to conduct a population level analysis comparing parsimony and distance methods (Conn & Hennig, unpub. data) .
Assumptions or hypotheses to be tested at the population level were: (H1) analysis based on distance measurements is more informative than cladistic analysis; (H2) different molecular models (for distance analysis) provide different estimates of genetic divergence; (H3) the more variable region of the mtDNA COI gene gives better resolution among haplotype lineages than the more conserved region; (H4) analysis of combined conserved and variable regions is more informative at various levels of divergence than analysis of either region alone.
MATERIALS AND METHODS
Systematics -Methods of extraction and amplification of DNA, as well as methodology for the phylogenetic analysis of the six data sets, the congruence tests, and outgroup treatment are found in Danoff-Burg and Conn (unpub. data) .
Population level -DNA was extracted from individual wild-caught mosquitoes following the protocol in Collins et al. (1987) . These mosquitoes were collected from BZ (Belize), EJ (El Juval, Trujillo, Venezuela), AY (Puerto Ayacucho, Amazonas, Venezuela), FG (French Guiana), IQ (Iquitos, Peru), GU (Guayaramerín, Bolivia), BV (Boa Vista, Roraima, Brazil), MC (Macapá, Amapá, Brazil), CP (Capanema, Pará, Brazil), NS (Tefé, Amazonas, Brazil), IT (Itacoatiara, Amazonas, Brazil), AB (Porto Velho, Rondônia, Brazil), PX (Peixoto de Azevedo, Mato Grosso, Brazil), SP (Araraquara, São Paulo, Brazil) and DO (Dourado, São Paulo, Brazil) ( Fig.) . Primers for the two regions of the COI gene were from Lunt et al. (1996) . For the parsimony analysis the following parameters were used with PAUP 3.1.1. (Swofford 1993) : unrooted trees, heuristic search, and trees were assessed by bootstrap analysis (100-1000 replicates) (Felsenstein 1985) . Three distance Collection localities for samples of Anopheles darlingi. models were assessed by the Neighbor-Joining (NJ) distance method: uncorrected p, Tamura-Nei and HKY85 and all were tested by 1000 bootstrap replications. Details of this analysis are from Conn and Hennig (unpub. data) .
RESULTS

Systematics -
The reanalysis of the 49 morphological characters from Faran (1980) , Faran and Linthicum (1981) and Linthicum (1988) produced a largely unresolved strict consensus tree which was eight steps shorter than the original (DanoffBurg & Conn, unpub. data) . The analysis of the six different data sets (morphology, egg ultrastructure, ITS2 region, and mitochondrial genes COII, ND2 and ND6) each produced a distinctive topology even though the character-based heterogeneity was not significantly different between any two matrices. The tree based on the ITS2 analysis alone most accurately reflected the new phylogenetic hypothesis which was produced when all data were combined. This new phylogeny supported monophyly of the subgenus Nyssorhynchus but both the Albimanus and Argyritarsis sections were paraphyletic relative to each other and four clades contained species previously placed in both sections. Both An. albimanus (previously in the Albimanus section) and An. darlingi (previously in the Argyritarsis section) arose basally in the phylogeny.
Population level -For the 27 individuals sequenced for the conserved region alone (315 bp), there were 20 characters that were parsimony informative. With 1,000 bootstrap replicates, four clades were supported: BV-NS at 53%; CP1-CP2-DO at 66%; FR-MC at 53%; PX1-PX2 at 100%. Individuals from the same locality were found in the same clade 50% of the time and little geographic partitioning was apparent. For the variable region alone (425 bp), 66 characters were parsimony informative among the 24 individuals sequenced. Two clades were supported (100 bootstrap replicates): EJ1-GU1-EJ2-DO1-NS4-AB3 at 52% and SP2-PX1-BV3-PX2-DO2-NS3-AB4 at 61%. Except for PX and EJ, individuals from the same populations were not found in the same clades. The combined region (740 bp) had 81 characters that were parsimony informative for the 22 individuals sequenced. Three clades were supported at 200 bootstrap replications: EJ1-GU1-EJ3 at 68%; PX1-PX2-BV3-DO2 at 100% and NS4-AB3 at 82%. The clade composition was similar to that found in the variable region even though one additional clade was supported by the analysis of the combined regions. The parsimony trees for each of the COI regions were tested to determine if there was phylogenetic signal by comparing each of the three tree lengths {conserved region (TL = 53), variable region (TL = 256), combined regions (TL =289)}to a distribution of tree lengths of 1000 randomly generated trees. All three trees contained significant phylogenetic signal using this test.
A comparison of the parsimony analysis of the combined regions with each of the three distance models demonstrated that the trees from the parsimony and the HKY85 model were identical in clade composition (EJ1-GU1-EJ3, PX1-PX2-BV3-DO2, NS4-AB3) and differed very slightly in levels of bootstrap support. For the uncorrected p and Tamura-Nei models, three additional populations were supported (SP2, AB4, and NS3) either as a separate clade (uncorrected p) or as part of a larger clade (Tamura-Nei).
Results of the four hypotheses were: (H1) trees were either more resolved using parsimony (conserved and variable regions analyzed separately) or nearly equally resolved (combined analysis) as compared with distance analyses; (H2) of the three distance models tested, HKY85, the most parameter-rich model, gave the least amount of resolution (i.e., lowest levels of bootstrap support); (H3) for conserved vs. variable regions of the COI gene, parsimony analysis resulted in more lineages being supported (four) for the conserved region compared with the variable region (two) but most of the same populations were grouped with both regions; while for the distance analyses between regions, each model contained the same number of lineages; (H4) the combined analysis for both the parsimony and distance was more informative than for either region alone.
A graph of the frequencies of pairwise genetic distances of both regions combined using uncorrected p (x-axis) compared with the number of pairwise comparisons (y-axis) resulted in a bimodal distribution. The genetic distances for the first peak ranged from 0.004-0.05. All of the pairwise comparisons of high genetic distances (0.06-0.13; the second peak) included at least one individual from PX, BV or DO.
DISCUSSION
Systematics -The parsimony analysis of both molecular and morphological data does not support the earlier phylogenies of Faran (1980) , Faran and Lithicum (1981) , Linthicum (1988) and Perera (1993) . The discordant topologies of the six data sets were probably the result of two factors: (1) homoplasy, and (2) data sets were informative at a different taxonomic levels. Perhaps the most significant aspect of this new phylogenetic hypothesis is the basal position of two of the major neotropical malaria vectors, An. albimanus and An. darlingi, suggesting that the ability to effectively vector malaria parasites may have arisen once in the ancestor of Nyssorhynchus (Danoff-Burg & Conn, unpub. data) . This pleisiotypic ability appears to have been retained by many species in this subgenus which act as important local or regional vectors when population densities of major vectors are low or when environmental conditions are significantly altered (Cruz Marques 1986, Póvoa et al. unpub. data) . The similarity between the ITS2 tree and the total evidence tree suggests that nuclear markers are potentially more accurate in reconstructing the true phylogeny at this hierarchical level compared with the mitochondrial or morphological markers presented.
Population level -The similar results between the parsimony and distance models were presumably because there was low overall sequence divergence among populations (i.e., not near saturation), there were no secondary hits, and many of the mutations were unique to single individuals.
If the genetic distances and lineage support are accurate portrayals of the evolutionary history of An. darlingi, this suggests that there have been at least two waves of colonization events across South America. Alternatively, the haplotype lineage with the greatest genetic divergence, PX-BV-DO, may be the remnant of an older lineage which has gone extinct in other regions of the range of An. darlingi; this scenario is favoured by the strong support for the PX-BV-DO lineage and how rarely individuals from the same geographic locality are found in the same clade. This pattern of distribution (multiple divergent haplotypes in the same population) has also been found in An. nuneztovari (Conn et al. 1998 ) and may be more appropriately explained by local extinction of once widespread lineages than by heterogeneous effective population sizes or immigration from previously isolated areas (Slatkin 1985) .
Information on genetic divergence and heterogeneity among populations of An. darlingi may be useful for existing malaria control strategies in that local solutions will need to be implemented for successful transmission reduction, as proposed by WHO (1992) . One of the worst recent malaria outbreaks in Brazil has been documented in Peixoto de Azevedo (R. Zimmermann, pers. comm.) where An. darlingi is considered to be the main vector.
